Background: The activation and inactivation of receptor tyrosine kinases are tightly regulated to ensure faithful replication of cells. After having transduced extracellular growth activating signals, activated EGFR is subjected to downregulation either by clathrin mediated endocytosis or c-Cbl mediated proteasome degradation depending on the ligand concentration. c-Cbl is an ubiquitin ligase which requires a phosphorylated tyrosine residue at position 1045 in the cytoplasmic domain of EGFR to interact and add ubiquitin molecules. While activating mutations in exons 19 and 21 have been associated with the development of several cancers, the status of mutations at tyrosine 1045 coding exon 27 of EGFR remain to be investigated. Consistently, defective phosphorylation at 1045 has been associated with sustained phosphorylation of EGFR in non-small lung carcinomas. Hence in the present study we investigated the genetic status of the tyrosine 1045 coding site within exon 27 of EGFR gene to explore for possible occurrence of mutations in this region, especially since no studies have addressed this issue so far. Materials and Methods: Tumor chromosomal DNA isolated from thirty five surgically excised oral squamous cell carcinoma tissues was subjected to PCR amplification with intronic primers flanking the tyrosine 1045 coding exon 27 of EGFR gene. The PCR amplicons were subsequently subjected to direct sequencing to elucidate the mutation status. Results: Sequence analysis identified no mutations in the tyrosine 1045 codon of EGFR in any of the thirty five samples that were analyzed. Conclusions: The lack of identification of mutation in the tyrosine 1045 codon of EGFR suggests that mutations in this region may be relatively rare in oral squamous cell carcinomas. To the best of our knowledge, this study is the first to have explored the genetic status of exon 27 of EGFR in oral squamous cell carcinoma tissue samples.
Introduction
Epidermal growth factor receptor (EGFR) belongs to the Erb family of proteins that also includes HER2/ neu, HER3/ErbB2 and HER4/ErbB4. EGFR is a transmembrane receptor tyrosine kinase (RTK) and is expressed in multiple cell types (Castillo et al., 2004; Soonthornthumet al., 2011) . The molecular structure of EGFR comprises of an extracellular ligand binding domain, a single transmembrane section and an intracellular tyrosine kinase domain (Leahy et al., 2004) , which plays an important role in cell proliferation and differentiation upon its activation (Voldborg et al., 1997; Ogiso et al., 2002) . EGFR is activated when its cognate ligand epidermal growth factor (EGF) binds to its extracellular domain, which initiates homo or hetero dimerization between the members of the Erb family (Burgess et al., 2008) . The ligand binding and dimerization is followed by the activation of cytoplasmic kinase domain by autophosphorylation (Rubin et al., 2005) . The autophosphorylation of EGFR forms docking sites for Human Genetics Laboratory, Sree Balaji Medical and Dental College and Hospital, Bharath University, Chennai, India *For correspondence: drarvindram@yahoo.co.in 
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Mehta Dhaval Tushar, Arvind Ramanathan* cytosolic proteins containing the SH2 (Src Homology 2) domain (Fukazawa et al., 1996) , on whose interaction a series of intracellular signaling cascade is activated (Normanno et al., 2006) . Ligand binding not only plays a role in activating a cascade of intracellular pathways but also activates a negative regulatory pathway in order to degrade the receptor by endocytosis. Endocytosis plays an important role to stop the growth signal transduction by removing activated receptors from the cell surface and replacing them with active receptors when required (de Melker et al., 2001) .
Degradation of EGFR is regulated by two processes, (a) by clathrin mediated endocytosis (CME) pathway and (b) by non-clathrin mediated endocytosis (NCE) pathway (Woelk et al., 2007) . The pathway involved for degradation depends largely on the concentration of the ligand in the extracellular region. At lower concentrations of EGF the degradation is mediated by CME where ubiquitination is not required before internalization whereas at higher concentrations of EGF, CME is also active but a considerable number of activated EGFR molecules are degraded by NCE (non-clathrin endocytosis). In NCE pathway the degradation takes place in three steps that involves ubiquitination, internalization and proteasome mediated degradation, whereas in CME pathway the ubiquitination step is omitted (Huang et al., 2007) .
Ubiquitination of EGFR is carried out by a ubiquitin ligase, c-Cbl (de Melker et al., 2004) , which interacts with EGFR either by direct interaction of c-Cbl's PTB (phospho tyrosine binding) domain to a phosphorylated tyrosine (Y1045) present on the cytoplasmic domain of EGFR or indirectly by binding to Grb2, an adaptor molecule, which then binds to phophorylated tyrosine (Y1068 or Y1086) with its SH2 domain (Lipkowitz et al., 2002; Pennock et al., 2008) . It is also found that ubquitination of EGFR is not as much poly-ubiquitination as monoubiquitination at multiple sites has also been observed to be sufficient to promote degradation (de Melker et al., 2004) . The failure of c-Cbl binding to EGFR leaves the EGFR in active state for a prolonged period, which leads to continuous activation of components of MAPK (Mitogen Activated Protein Kinase) pathway -H-Ras, cRaf and ERK2. Constitutive activation of EGFR, H-Ras, cRaf and ERK2 has been shown to be carcinogenic . Multiple tumor cases in the past have shown a correlation between prolonged activation of EGFR and cancer (Kim et al., 2002; Normanno et al., 2006) . Mutations at tyrosine 1045 codon of EGFR have been shown to interfere with its phosphorylation and ability to interact with c-Cbl (Kirisits et al., 2007) . This was also confirmed in a recent case control study, where in phosphorylation at tyrosine 1045 residue was observed only in 52% of 218 cases of non-small cell lung cancers (NSCLCs) that were analyzed (McMillen et al., 2010) . The lack of phosphorylation in rest of the tumor samples may have been due to a mutation at the tyrosine 1045 region, but was not analyzed. This prompted us to investigate whether oral squamous cell carcinomas (OSCCs) harbored mutations at the tyrosine 1045 site of EGFR by direct sequencing of genomic DNA obtained from tissue biopsies of patients with well differentiated OSCC, as constitutive activation of EGFR has been observed in OSCCs .
Materials and Methods
Study design and subjects
The occurrence of mutations in the c-Cbl interacting site tyrosine 1045 of EGFR was investigated in a cross sectional study on well differentiated oral squamous cell carcinoma tissue samples that were obtained postsurgically from patients visiting tertiary cancer hospitals in Tamil Nadu. The study was approved by the institutional ethics committee (IEC) and was conducted at the Molecular Medicine Research Division, Enable Biolabs, Chennai, Tamil Nadu, India.
Tumor gDNA extraction, PCR amplification and direct sequencing
Surgically excised biopsies of cancerous tissues were collected and transported in RNA Later (Cat#76106, Qiagen, USA). Genomic DNA extraction was processed as described earlier . The exon 27 of the EGFR gene was amplified using intronic primers, Y1045F (forward primer): gcctgcccaacctactaat, and Y1045R (reverse primer): gacactggagactggctgc, using 25ng of genomic DNA. The exon 27 region was amplified under the following conditions: after an initial denaturation at 94°C for 2 min, the samples were subjected to 35 cycles of denaturing at 95°C for 30 sec, annealing at 55°C for 45 sec, 72°C for 45 sec, which was then followed by a final extension at 72°C for 5 min. The PCR amplicons were run in a 1.5% agarose gel and subjected to SAP treatment before being sequenced.
Results
Ligand binding to EGFR causes dimerization and activation of EGFR that mediates transduction of mitogenic signals to the nuclei. Subsequently, the ligand-receptor complex is endocytosed and degraded via ubiquitin mediated proteasome pathway, which results in attenuation of the mitogenic signal. This process requires phosphorylation at tyrosine 1045 residue of EGFR that provides docking site for the ubiquitin ligase c-Cbl. We speculated that mutations within the tyrosine 1045 codon, if present, may interfere with the degradation machinery thereby causing sustained activation of EGFR in the tumors. To test our hypothesis, the genomic DNA extracted from thirty five oral squamous cell carcinoma tissue samples was amplified with primers flanking exon 27 of EGFR containing tyrosine 1045 codon and subjected to direct sequencing. Sequence analysis of the PCR amplicons showed no mutations in the 1045 codon region or other codons within exon 27 in the thirty five samples that were analyzed. The wild type codon at 1045 region identified in the sequencing analysis is shown in Figure 1 . , 2012) . Hypophosphorylation at tyrosine 1045 residue reduces ubiquitination and downregulation of EGFR, which indeed have been reported in NSCLC (Han et al., 2007; Sigismud et al., 2012) and glioblastomas (Abella et al., 2009 ). However, it is not known whether the tyrosine 1045 codon carried mutations in the NSCLC and glioblastomas. Similarly, constitutive activation of EGFR has been observed in OSCC both in in vitro studies involving cell lines and tissue samples of patients . While constitutive activation of EGFR has been linked with gene amplification in some OSCCs, the reason for constitutive activation in OSCCs without EGFR gene amplification has not been investigated. Since, mutations within the tyrosine 1045 codon are likely to interfere with its phosphorylation and subsequent binding of c-Cbl and ubiquitination of EGFR, we have investigated, in the present study, for the presence of mutations within exon 27 of EGFR that carries the codon for tyrosine 1045 in thirty five oral squamous cell carcinoma biopsy tissues. Direct sequencing analysis showed mutations in none of the thirty five samples that were analyzed neither at the 1045 site or in other codons within exon 27, which indicated that mutations within this region may be infrequent.
Discussion
Though no mutations were identified within exon 27, the data does not rule out the possibility of mutations at other locations within EGFR, which may have acted in concert to deter the interaction of c-Cbl with activated EGFR. For example, activating mutations within exon 19 of EGFR have shown to deter interaction of c-Cbl with activated EGFR and its subsequent ubiquitination and degradation (Hosaka et al., 2007) . The mutation in the codon for tyrosine 1045 also prevents the phosphorylation of tyrosine 1045 residue, which is critical for interaction of c-Cbl. Besides, mutations in exons 18 and 21 have also been shown to prolong the duration of activation of EGFR in in vitro studies, however without affecting the tyrosine 1045 phosphorylation (Hosaka et al., 2007) . Hence, it is possible that mutations may exist in either exon 18, 19 or 21 in the OSCC samples that were analyzed in the present study. It is important to note that the present data does not address whether the expressed EGFR molecules in the analyzed OSCC tissues were constitutively activated or hypophosphorylated at tyrosine 1045 residue. The fact that overexpression and constitutive activation of EGFR, and sustained activation and mutations in other downstream molecules of EGFR -H-ras, c-Raf and ERK1/2 have been observed in several carcinomas including OSCC , prompted us to investigate for the occurrence of mutations in the tyrosine 1045 codon of EGFR. Hence, further investigations on the genetic status of exon 18, 19 and 21 in these OSCC samples are essential to understand and correlate the role of EGFR in the development of OSCC lesions.
The SH2 domain at the N terminus of c-Cbl, named as TKB (Tyrosine Kinase Binding) domain, is essential for its interaction with phospho-tyrosine 1045 residue of activated EGFR, to ubiquitinate and degrade. Mutations within the TKB and associated linker domain have been reported in somatically acquired malignancies (Martinelli et al., 2010) . Ubiquitination of activated EGFR by c-Cbl is also promoted by its indirect interaction to EGFR via Grb2 bound to phophorylated tyrosine 1068 or 1086 (Lipkowitz et al., 2002; Pennock et al., 2008) . Hence, mutations within the adaptor Grb2 interacting domain of c-Cbl or c-Cbl interacting domain of Grb2 are likely to promote sustained activation of EGFR. However, these possibilities remain to be addressed. It is important to note that mutations within the RING finger domain coding region of c-Cbl, which is required for functional activation of c-Cbl, were not observed in an earlier study in OSCC tissue samples (Rajendran et al., 2013) . This strongly suggests the existence of aforementioned possibilities with respect to defects either within EGFR or its other associated molecules that promotes its ubiquitination. Besides being tagged for ubiquitin mediated degradation by c-Cbl, the ligand activated EGFR molecules are also degraded by lysosomal proteases, which is mediated via clathrin-coated pits involving endosomal pathway. Mutations and expression anomalies of genes regulating both proteasome and lysosomal degradation pathways have been reported in several carcinomas (Kirkegaard et al., 2009) .
The lack of identification of mutations within the tyrosine 1045 coding region suggests that this specific mutation may be infrequent in OSCCs, unlike mutations in other genes such as H-ras for example, which has been found to occur in up to 20% of OSCCs from India (Murugan et al., 2012) . The finding also carries clinical significance as glioblastomas carrying a deletion mutant of EGFR -EGFRvIII, which has an in-frame deletion in its cytoplasmic domain, are either hypophosphorylated or not phosphorylated at tyrosine resistant 1045 (Sigismund et al., 2012) , are not degraded upon treatment with tyrosine kinase inhibitors and are resistant to the EGFR inhibitor drug, gefitinib (Sigismund et al., 2012) . As the usage of several EGFR inhibitor drugs are in clinical trials for therapeutic management of OSCCs (El-Rayes et al., 2004) , the absence of mutation at tyrosine 1045 codon suggests that OSCCs may respond favorably to therapeutic management.
